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INTRODUCTION
By the turn of the century, the cumulative area of lignite strip
mines in Texas is expected to reach 151,000 hectares (Anonymous 1980).
Iil the long run, lignite development in Texas may one day accumulate to
over 405,000 surface hectares of land (Kaiser 1974; Holm 1975).
The Railroad Commission of Texas (1981), in compliance with the
Surface Mining and Reclamation Act of 1977, requires that each mine
operator " ..• shall establish on all areas effective and permanent
vegetative cover." Lowry and Antalosky (1978) suggest that although
current reclamation trends favor the establishment of improved
pastureland, forests are a viable alternative. Forests have lower
establishment costs, provide equal or better protection from erosion,
are superior to grasses for water conservation, and require less
maintenance. The Martin Lake lignite mine, the largest lignite
production area in Texas, is owned by Texas Utilities Generating
Company and located in the heart of the pineywoods. Thus, it comes as
no surprise that a major goal of reclamation is the establishment of
commercial stands of loblolly pine (Pinus tacda L.).
Fertilizers are used to aid the establishment of loblolly pine
stands on mine spoil. However, little research has been conducted to
determine what concentration and combination of macronutrients is
necessary to produce optimal growth.
OBJECTIVES
The objectives of this study were:
1) To determine the optimum concentration of nitrogen and
phosphorus necessary to promote maximum growth of loblolly pine on
lignite mine spoils.
2) To correlate foliar content of nitrogen and phosphorus to
fertilizer application.
3) To correlate foliar content of nitrogen and phosphorus with
hues shown on the Munsell color chart.
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LITERATURE REVIEW
Across the South, loblolly pine fertilization has centered around
nitrogen and phosphorus deficiencies (Watterston 1972). Moehring
(1966) determined that applications of nitrogen to a loblolly pine
plantation increased diameter growth and the content of nitrogen in the
foliage. However, both responses were limited to the first two years
after application. This two-year limit agrees with Zahner (1959).
Carter and Lyle (1966) also found that nitrogen amendment alone
improved diameter growth and foliar nitrogen on both Piedmont and
Coastal Plain sites, while improving height growth only on the latter.
Fisher and Garbett (1980) conclude that soil conditions determine the
response to nitrogen, phosphorus, or combinations of both. Ballard
(1981a) determined that the average optimum biological application rate
for nitrogen in the presence of adequBt8 supplies of phosphorus is 224
kilograms per hectare. He also noted that fertilizer gains peak during
the first two growing seasons after application and that this
observation is independent of site and application rate. Wells et al.
(1973) found that application of pllosphorus increased needle phosphorus
in loblolly pine on both Piedmont and Coastal Plain soils.
Loblolly pine exhibits maximum growth when foliar nitrogen is
present at a concentration of 2.32 percent (Fowells and Krauss 1959).
Wells (1968) reported a fertilizer response whenever foliar nitrogen
3
4falls below 2.00 percent. Fowells and Krauss (1959) also reported that
0.15 percent is the foliage level below which phosphorus fertilization
produces a response. Miller (1966) placed that same delineating level
at 0.12 percent. The nutrient levels of foliage from loblolly pine
grown on lignite mine spoils have been far helow these optimum
concentrations (Bryson 1973, Bilan 1980, Macbeth 1980). If fertilizer
treatments can be correlated with resulting foliar concentrations,
future fertilizer prescriptions can be based on foliar analysis.
Bengtson et al. (1973) determined that nitrogen and phosphorus
deficiencies were the primary cause of poor loblolly pine growth on
Alabama mine spoils. However, application of nitrogen alone, even at
rates as high as 112 kilograms per hectare, did not produce a
significant difference in height growth. Phosphorus did produce a
significant difference at 112 kilograms per hectare, but not at lower
rates. The combination of at least 28 kilograms per hectare of each
element resulted in a significant difference in height growth, which
seems to indicate that both nutrients contribute to the response
(Zanger et al. 1973).
Bengtson and Mays (1978) noted that one response to nitrogen
fertilization of loblolly pine was an exceptional improvement of
foliage color. Walker (1962) observed the same effect, but was unable
to correlate it to the foliar nutrient conditions.
Bryson (1973) found, through foliar analysis, that concentrations of
potassium were higher in trees grown on mine spoils than those grown on
nearby undisturbed soils. Bryson (1973) and Bilan (1980) found that
5nitrogen and phosphorus concentrations were significantly lower in the
foliage of trees grown on mine spoils than for trees grown on
undisturbed soils. It was suggested by the authors that these low
concentrations can be overcome by the application of commercial
fertilizers. Hans (1978) reported that lignite mining in Texas
increases the available potassium concentration on the site by bringing
cations, which have been previously leached or released from parent
materials, to the surface. Nitrogen and phosphorus, however, are
present at such low levels that fertilization is required to produce
successful revegetation. Angel (1973) found more nitrogen and
phosphorus on mine spoils than adjacent soils, but there is some
question as to whether his mine spoil samples had been fertilized or
not.
The literature indicated that the response to fertilization is
most evident in the first two years. It also suggested that
fertilization did have an effect on foliage nutrient concentrations and
color. Since nitrogen and phosphorus were both deficient on lignite
mine spoils, while potassium apparently was not, this study has been
limited to these two elements.
HATERIALS AND METHODS
Site
This experiment was conducted at tlie Martin Lake lignite mine
where 7 hectares of a two year-old loblolly pine plantation were
available for study. The site was treated at a rate of 392 kilograms
per hectare with 12-12-12 (N-P20S-K20) in the fall of 1981, and at a
rate of 336 kilograms per hectare with 12-12-12 in the spring of both
1982 and 1983. Winter wheat was planted in the fall of 1981, and
sub-terrainian clover was planted in the fall of 1982. Loblolly pine
was planted in the spring of 1982.
Experimental Design
In the spring of 1984, sixty plots, 20.12 meters square, were
established at the experimental plantation (Figure 1). A buffer
between plots at least 4.S meters wide served as an isolation strip to
prevent any possible drift or lateral leaching of the fertilizer. On
each plot, all trees were identified by numbered metal tags. The
number of trees per plot ranged from 30 to 75, depending on survival.
Nitrogen at rates of 0, 56, 112, 224, and 448 kilograms per
hectare was combined with phosphorus at rates a 0, 28, and 84 kilograms
per hectare in a complete block design with four blocks (Figure 2,
6
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1 5 8 11 16 19 22 25
J
112N 56N 56N 112N ON 448N 224N t,48N
28P 28p 84P op op 84P op 28p
2 6 9 12 17 20 23
ON 22 /,N ON 224N 56N 22 t,N 5'iN
28P 28P OP 28P op 8t,p Op
3 7 10 13 18 21 24 26 27
56N 4/,8N SfiN ON 56N t,t,8N 22 /,N 5fiN 112N 29 30
84p 28p OP 8t,P 84p OP 28p 28p 84P 224N 22/,N
OP OP
4 14 15 28
ON 224N ON ON
OP 84P 28P 84p
31 34 37 40 43 46 49 52
448N t,48N 112N ON t,',8N 112N 56N 112N 5584p OP 84p 84p OP 28P 28p 8t,p ON
OP
32 35 38 41 44 47 50 51 53 58
22t,N 112N 4t,RN 221.N 112N 112N 22 t,N l,i,8N 22 /,N 568t, P 28P OP 84p OP or Op 84r 28p ON56N 28p
OP
33 36 39 42 45 48 54 59 60
448N 112N 5fiN ON 56N 112N 448N 57 112t! 4481'128p 84p 28P 28P 8f,p 28p 84p ON OP 28p
84p
Figure 2. Fertilizer application rates by plot.
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Appendix Table 67). Each block contained 15 plots and was grouped by
initial tree height, measured before the start of the 1984 growing
season (Table 1). Treatments were randomly assigned to the plots
within each block. Nitrogen was applied in the form of urea (46-0-0),
largely because it is cheaper than ammonium nitrate and performs
equally as well (Ballard 1981b). Phosphorus was applied in the form of
triple superphosphate (TSP) because of its high phosphorus content
(0-46-0). In March, 1984, the fertilizer treatments were broadcast
uniformly over plots using a hand pushed fertilizer spreader.
Collection and Analyses of Data
For each tree, total height and diameter at 15.2 centimeters above
ground level was measured before the fertilizer was applied, and at the
end of the 1984 and 1985 growing seasons. Foliage was also collected
for analysis at the end of each growing season. Due to seasonal
variation, it is important to collect toliage at the same time each
year, usually during the dormant season (Leaf 1973). For the purposes
of this study, foliage was taken from the first whorl of the current
growing season in Octoher of each year. During 1984, one foliage
composite sample, from ten randomly selected trees, was collected per
plot. At the same time, individual foliage samples were taken and
matched with colors on the Munsell Color Chart. Since 92% of the
samples keyed to the 5GY color page, three hundred of those samples
were randomly selected for nitrogen and phosphorus tests and regression
r
JTable 1. Blocking of plantation by mean initial height of trees.
Short Trees Medium Trees
Plot Initial Height Plot Initial Height
----meters---- ----meters----
52 0.71 11 0.88
20 0.73 24 0.88
23 0.74 39 0.8~
60 0.74 58 0.88
46 0.74 18 0.89
49 0.77 32 0.89
50 0.77 43 0.89
16 0.78 48 0.90
12 0.79 17 0.92
45 0.79 22 0.92
42 0.85 25 0.92
21 0.86 51 0.92
19 0.87 57 0.93
40 0.88 9 0.94
59 0.88 36 0.95
Tall Trees Very Tall Trees
Plot Initial Height Plot Initial Height
----meters---- ----meters----
38 0.97 6 1.10
55 0.97 8 1.10
33 0.98 37 1.12
53 0.98 44 1.12
3 0.99 1 1.13
15 1.00 7 1.13
47 1.02 54 1.14
26 1.03 28 1.16
30 1.04 29 1.16
10 1. 06 2 1.17
13 1.07 34 1.18
41 1. 07 56 1.18
27 1.08 4 1. 20
35 1.08 5 1. 27
31 1.10 14 1.44
10
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analysis. During 1985, only composite samples were collected. Foliage
samples were oven dried at 70 0 C for 24 hours before being analyzed.
Composite spoil samples, consisting of ten 20 em auger cores
distributed uniformly throughout each plot, were collected before
fertilization in 1984, and in October of 1984 and 1985.
Spoil samples were analyzed by A & L Labs, while foliar analysis
was conducted at Stephen F. Austin State University using the Kjeldahl
method for nitrogen and plasma spectrophotometry for phosphorus.
Statistical analysis consisted of analysis of variance (ANOVA) on
measured variables, followed by Duncan's m~ltiple range test when
significance was less than the alpha level of 0.05. The experimental
design dictated a 3 X 5 factorial analysis, with 4 blocks in this
study. Multiple linear regression was used to determine if foliar
nitrogen or phosphorus could be predicted by foliage color.
RESULTS AND DISCUSSION
Initial Spoil Analysis
A spoil analyses was conducted prior to fertilization (Table 2).
Although nitrogen was low, and spoil concentrations of potassium,
calcium and magnesium were higher than those found in unmined East
Texas forest soil (Bilan 1980), no toxicities or deficiences were noted
in the measured variables. The spoil reaction averaged pH 5.5, and
when combined with the sandy loam textural classification, the spoil
environment appears to be adequate to support loblolly pine trees.
Growth Parameters
Height. Across all height classes, Nand P did not significantly
affect height growth during 1984, 1985, and the combined total of the
two years (Table 3, Appendix Tables 1-3). However, height growth
appeared to have increased slightly in the combined N column as P level
increased (Table 3) during the year 1984 and for the total growth over
both years. Height growth was significantly affected by height class
during 1984, 1985, and the combination of the two years (Appendix
Tables 4-6). Taller trees showed more height growth over all nitrogen
treatments (Table 4).
12
Table 2. Spoil nutrient cUiicentrations, spoil reaction, and spoil
physical properties prior to fertilizer application.
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Nutrient
Nitrogen
Concentration
Mean SE
---percent---
0.032 ± 0.012
-----ppm-----
Phosphorus 10.3 ± 4.5
Potassium 104.4 ± 16.5
Magnesium 325.8 ± 161. 9
Calcium 554.8 ± 203.4
Sulfur 185.1 ± 127,2
Zinc 4.1 ± 2.6
Mean SE
Spoil Reaction: 5.5 ± 0.8
Texture Mean SE
-----%----
Sand 75.6 ± 5.0
Silt 9.3 ± 3.2
Clay 14.0 ± 2.2
Average Classification: sandy loam
Table 3. Mean height growth by Nand P treatment during 1984, 1985,
and total growth over both years.
N Levels
(kg/ha)
0 56 112 224 448 All N
Combined
P Levels Years
(kg/ha) ---------------------meters----------------------
0 0.75 0.74 0.67 0.62 0.56 0.67 1984
0.97 1. 03 0.91 0.88 0.76 0.91 1985
1.73 1.77 1. 59 1. 51 1. 32 1.58 Total
28 0.68 0.72 0.65 0.72 0.66 0.69 1984
0.87 0.96 0.85 1.10 0.87 0.93 1985
1. 54 1. 69 1.50 1. 82 1. 52 1. 61 Total
84 0.72 0.75 0.60 0.77 0.69 0.71 1984
0.85 1.04 0.77 0.98 0.91 0.91 1985
1. 57 1.80 1.38 1. 75 1. 60 1. 62 Total
All P 0.72 0.74 0.64 0.70 0.64
Combined 0.90 1.01 0.84 0.99 0.85
1. 61 1. 75 1. 49 1. 69 1. 48
14
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Table 4. Mean height growth by N and height class during 1984, 1985,
and total growth over both years.
N Levels
(kg/ha)
0 56 112 224 448
Height Class Years
-----------------meters-----------------
Short 0.51 0.49 0.41 0.56 0.52 1984
0.60 0.76 0.62 0.95 0.82 1985
1.12 1. 25 1.03 1.52 1.34 Total
Medium 0.63 0.64 0.59 0.64 0.57 1984
0.84 0.93 0.82 0.89 0.78 1985
1. 47 1.58 1. 42 1. 53 1.35 Total
Tall 0.79 0.91 0.73 0.66 0.60 1984
1.02 1.19 0.97 0.91 0.71 1985
1. 81 2.10 1.72 1. 57 1. 31 Total
Very Tall 0.94 0.91 0.83 0.96 0.85 1984
1.11 1.15 0.96 1.19 1.07 1985
2.06 2.07 1.80 2.15 1. 93 Total
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Height class interacted with P during 1984 and when both years
were combined (Table 5, Appendix Tables 7-17). During 1984, trees in
the short, medium, and tall height classes did not show a significant
response to P, while trees initially classified as very tall responded
significantly. Trees fertilized with 28 kilograms per hectare showed
significantly more height growth than controls, although not
significantly different from the height attained by those trees
fertilized at the rate of 84 kilograms per hectar~. Totals for both
1984 and 1985 yield similar results. For total height growth during
both years, there were no significant differences in the short, medium,
and tall height classes. However, alllong very taJI trees, those
fertilized with 28 kilograms per hectare grew significantly taller than
trees on the control plots. Very tall trees receiving 84 kilograms per
hectare grew taller than the control trees, but not significantly.
Diameter. Across all height classes, Nand P did not significantly
affect diameter growth during 1984, 1985, and over both years combined
(Table 6, Appendix Tables 18-20). Both N and height class
significantly affected diameter growth during 1984 (Appendix Table 21).
As N and height increased, diameter growth during 1984 increased (Table
7). However, only height class significantly affected 1985 diameter
growth and the combined total growth for both years (Appendix Tables 22
and 23). Diameter again increased as height increased (Table 7).
ANOVA of diameter by P and height class showed that height class had a
significant effect in 1984 (Appendix Table 24). Diameter growth,
combined across all P levels, increased as height class increased
17
Table 5. Mean height growth by P and height class during 1984, 1985,
and total growth over both years.
P Levels
(kg/ha)
0 28 84
Height Class Years
---------meters---------
Short 0.53 0.51 0.45 1984
0.84 0.75 0.67 1985
1.38 1. 25 1. 12 Total
Medium 0.67 0.57 0.60 1984
0.93 0.82 0.81 1985
1. 61 1. 40 1. 41 Total
Tall 0.70 0.66 0.86 1984
0.92 0.90 1.06 1985
1. 62 1. 56 1. 93 Total
Very Tall O.78a 1.00b O.92ab 1984
0.94 1. 24 1.11 1985
1.73a 2.25b 2.03ab Total
Means sharing the same letter in the same row are not significantly
different at the 0.05 level.
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Table 6. Mean diameter growth by Nand P during 1984, 1985, and total
growth over both years.
P Levels
(kg/ha)
o
28
84
N Levels
(kg/ha)
0 56 112 224 448
Years
---------------centimeters--------------
2.14 2.24 2.38 2.36 2.32 1984
1. 94 1. 97 1. 78 1.88 1.64 1985
4.08 4.20 4.14 4.25 3.97 Total
1. 98 2.33 2. 19 2.40 2.40 1984
1. 76 1.80 1.83 2.08 1.86 1985
3.73 4.13 4.02 4.47 4.26 Total
2.11 2.30 2.28 2.51 2.57 1984
1.72 2.01 1. 51 1. 83 1. 99 1985
3.85 4.31 3.79 4.34 4.56 Total
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Table 7. Mean diameter growth by N and height class during 1984, 1985,
and total growth over both years.
N Levels
(kg/ha)
0 56 112 224 448 All N
Combined
Height Class Years
------------------centimeters-------------------
Short 1.81 1. 79 1. 69 2.06 1. 93 1.86 1984
1. L.6 1. 72 1.43 1. 93 1. 84 1. 67 1985
3.27 3.52 3.12 3.98 3.76 3.51 Total
Medium 1. 87 2.11 2.20 2.36 2.32 2.17 1984
1. 83 1. 79 1. 61 1. 94 1.73 1.77 1985
3.71 3.89 3.81 4.31 4.05 3.96 Total
Tall 2.27 2.62 2.61 2.46 2.44 2.48 1984
1.89 2.12 1.84 1. 81 1. 74 1.88 1985
4.17 4.74 4.45 4.28 4.18 4.36 Total
Very Tall 2.35 2.65 2.63 2.82 3.04 2.70 1984
2.04 2.07 1. 93 2.03 2.02 2.02 1985
4.42 4.72 4.55 4.84 5.05 4.72 Total
All
Combined 2.08 2.29 2.28 2.43 2.43 1984
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(Table 8). Furthermore, P and height class significantly interacted to
affect diameter growth during 1985 and over both years combined (Table
8, Appendix Tables 25-34). During 1985, there were no significant
differences in diameter growth in the short and medium height classes.
Tall trees fertilized with 84 kilograms of P per hectare grew
significantly larger diameters than those fertilized with 28 kilograms
per hectare, but neither was significantly different from the control
trees. Among very tall trees in 1985, those fertilized with 28
kilograms per hectare grew significantly more than both control plots
and plots fertilized at the rate of 84 kilograms per hectare. When
both years are considered together, there were no significant
differences in diameter for either short or medium height classes.
However, there were significant differences in both tall and very tall
height classes. Tall trees fertilized at the rate of 84 kilograms per
hectare were significantly larger in diameter than trees fertilized at
all lower rates. Very tall trees fertilized at a rate of 28 kilograms
per hectare grew significantly larger in diameter over both years
combined than controls, but not significantly more than the trees
fertilized at 84 kilograms per hectare.
Foliar Content
Nitrogen. Nitrogen levels in needles produced in the first flush
of height growth in 1984 showed a significant difference when
conducting ANOVA by Nand P (Table 9, Appendix Table 35). All
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Table 8. Mean diameter growth by P and height class during 1984, 1985,
and total growth over both years.
P Levels
(kg/ha)
Height Class
o 28 84 All P
Combined
----------centimeters-----------
Years
Short
Medium
Tall
Very Tall
1. 89 1.85 1. 82
1. 84 1. 61 1. 58
3.72 3.46 3.40
2.34 2.08 2.10
1. 91 1.77 1.66
4.24 3.85 3.76
2.33 2.34 2.77
1.83ab 1. 74a 2.07b
4.17a 4.09a 4.84b
2.60 2.76 2.73
1.78a 2.32b 1.94a
4.38a 5.09b 4.68ab
1. 85
2. 17
2.48
2.70
1984
1985
Total
1984
1985
Total
1984
1985
Total
1984
1985
Total
Means sharing the same letter in the same row are not significantly
different at the 0.05 level.
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Table 9. Mean nitrogen concentration in needles produced on the
terminal leader of loblolly pine trees during the first flush
of height growth in 1984 by N.
N Levels
(kg/ha)
o 56 112 224 448
-----------------percent-----------~-----
1.08a 1.27b 1.24b 1. 3Ib 1. 39b
Means sharing the same letter are not significantly different at the
0.05 level.
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fertilized plots had significantly more nitrogen than control plots.
During 1985, no significant differences are seen when conducting ANOVA
by Nand P (Appendix Table 36). The combination of all N levels,
however, showed a trend of decreasing foliar nitrogen with increasing P
fertilizer (Table 10). Meanwhile, the combination of all P levels
showed a trend of increasing foliar nitrogen as N fertilizer increased.
However, when conducting ANOVA by N and height class, significant
differences in foliar nitrogen were found in both 1984 and 1985 (Table
II, Appendix Table 37 and 38). 1984 means given in Table 11 are the
same as those in Table 9 and will not he discussed further. In 1985,
the nitrogen level found in needles of the trees fertilized at the
highest rate (448 kilograms per hectare) was significantly higher than
the control, but not higher than other nitrogen treatments. During
1985, height class also significantly affected foliar concentrations of
nitrogen (Appendix Table 38) with the trend showing higher
concentrations in the smaller trees (Table 12).
The ANOVA of foliar nitrogen concentration by P and height class
showed no statistically significant effects, either as main effects or
interaction, during 1984 (Table 13, AppendiX Table 39). However,
during 1985, ANOVA of foliar nitrogen by P and height class showed
height class had a statistically significant effect on nitrogen
concentrations in the foliage (Appendix Table 40) with the trend
indicating declining concentrntions of foliar nitrogen as height class
increases (Table 13). It is important to note that all foliar nitrogen
24
Table 10. Mean nitrogen concentration in needles produced on the
terminal leader of loblolly pine trees during the first
flush of height growth in 1985 by N.
N Levels
(kg/ha)
-----------------------percent-----------------------
P Levels
(kg/ha)
o
28
84
All P Combined
a
0.94
0.94
0.95
0.94
56
1.04
0.98
0.99
1.00
112
1.03
1.06
1.00
1.03
224
1.12
1.04
0.98
1.05
448
1. 15
1.04
1. 10
1.10
All N
Combined
1.06
1. 01
1.00
Table 11. Mean nitrogen concentration in needles produced on the
terminal leader of loblolly pine trees during the first
flush of height growth in 1984 and 1985 by N.
N Levels
(kg/ha)
25
a 56 112 448 Years
-----------------percent-----------------
1.08a
0.95a
1. 27b
1.00ab
1.24b
1. 03ab
1. 31b
1.05ab
1.39b
1. lOb
1984
1985
Means sharing the sam~ letter in the same row are not significantly
different at the 0.05 level.
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Table 12. Mean nitrogen concentration in needles produced on the
terminal leader of loblolly pine trees during the first
flush of height growth in 1985 by N and height classes.
N Levels
(kg/ha)
o 56 112 224 448 All N
Combined
Height Class
-----------------------percent----------------------
Short
Medium
Tall
Very Tall
1. 01
1. 05
0.95
0.78
1. 10
1. 04
0.97
0.90
1.17
1. 05
0.91
0.99
1. 07
1. 07
1. 08
0.98
1. 21
1. 12
1.11
0.96
1.11
1. 07
1.00
0.92
Table 13. Mean nitrogen concentration in needles produced on the
terminal leader of loblolly pine trees during the first
flush of height growth in 1984 and 1985 by P and height
classes.
P Levt:ls
(kg/ha)
0 28 84 All P
Height Class Combined Years
------------percent------------
Short 1. 35 1. 22 1. 19 1. 25 1984
1.08 1. 10 1. 15 1. 11 1985
Medium 1.43 1.22 1. 14 1. 26 1984
1. 14 1. 07 0.99 1. 07 1985
Tall 1. 23 1.30 1.34 1. 29 1984
1.03 0.99 1. 00 1. 01 1985
Very Tall 1.18 1. 27 1.20 1.22 1984
0.98 0.90 0.89 0.92 1985
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concentrations given fall far short of the ideal concentration for
maximum growth, 2.32 percent (Fowells and Krauss 1959).
Phosphorus. Phosphorus levels in the first flush of height growth
in ]984 showed a significant difference when ANOVA was calculated by N
and P (Table 14, Appendix Table 41). The control plots showed
significantly lligher levels of foliar phosphorus than the plots
fertilized at rates of IlL and 448 kilograms per hectare, and higher
levels, but not significantly, than the plots fertilized at rates of 56
and 224 kilograms per hectare. During ]985, no significant differences
were found between Nand P treatments (Table 15, Appendix Table 42).
ANOVA of foliar phosphorus by N and height class during 1984
showed no interaction and no height class effect. However, N again
showed its significant changes (Table 14, Appendix Table 43). ANOVA
for 1985 foliar phosphorus by N and height class showed that height
class had a significant effect (Appendix Table 44). However, combined
N levels showed no particular trend (Table 16).
The ANOVA for 1984 foliar phosphorus by P and height class showed
no significant main or interaction effects (Table 17, Appendix Table
45). The same ANOVA for 1985, however, showed that height class had a
significant effect on foliar phosphorus, and that Ileight class also
interacted with P fertilizer to produce an effect on foliar phosphorus
(Table 17, Appendix Tables 46-50), During 1985 there were no
significant differences in foliar phosphorus in the short or tall
height classes. For medium height class trees, the 1985 foliar
phosphorus concentration was significantly higher at the 84 kilogram
Table 14. Mean phosphorus concentration in needles produced on the
terminal leader of loblolly pine trees during the first
flush of height growth in 1984 by N.
N Levels
(kg/ha)
29
o 56 112 224 448
-----------------percent-----------------
.28b .24ab .21a .24ab .20a
Means sharing the same letter are not significantly different at the
0.05 level.
Table 15. Mean phosphorus concentration in needles produced on the
terminal leader of loblolly pine trees during the first
flush of height growth in 1985 by Nand P treatment.
N Levels
(kg/ha)
30
P Levels
(kg/ha)
o 56 112 224
o
28
84
-----------------percent-----------------
0.12 0.12 O. 11 0.12 0.12
0.12 0.12 0.12 0.12 O. 11
0.]3 0.12 0.13 0.12 0.12
Table 16. Mean phosphorus concentration in needles produced on the
terminal leader of loblolly pine trees during the first
flush of height growth in 1985 by N and height classes.
N Levels
(kg/ha)
31
o 56 IlL 224 448 All N
Combined
Height Class
---------------------percent---------------------
Short
Hedium
Tall
Very Tall
0.12
0.14
0.12
0.11
0.12
0.13
0.12
0.12
0.12
0.12
0.12
0.12
O. 11
0.13
0.12
0.11
0.12
0.12
0.11
O. 11
0.12
0.13
0.12
0.11
Table 17. Mean phosphorus concentration in needles produced on the
terminal leader of loblolly pine trees during the first
flush of height growti, in 1984 and 19b:> by P and height
clabses.
P Levels
(kg/ha)
0 28 84 All P
Height Class Combined Years
-----------percent-------------
Short 0.23 0.23 0.22 0.23 1984
O. 11 0.12 0.12 0.12 1985
Medium 0.26 0.21 0.23 0.23 1984
0.12a O. l3ab 0.14b 0.13 1985
Tall 0.21 0.22 0.29 0.24 1984
0.12 0.12 0.12 0.12 1985
Very Tall 0.22 0.25 0.26 0.24 1984
O.12b 0.10a O.12b O.ll 1985
All 0.23 0.23 0.25 1984
Combined 0.12 0.12 0.13 1984
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per hectare rate than controls, but not significantly higher than the
28 kilogram per hectare rate. Also in 1985, very tall height class
trees showed significantly higher concentrations of foliar phosphorus
in the trees fertilized at rates of 0 and 84 kilograms per hectare than
those trees fertilized at 28 kilograms per hectare. Across all P
levels and height classes, nearly twice as much foliar phosphorus was
found in 1984 than in 1985 (Table 17).
Spoil Content
~itroge~. During 1984 and 1985, spoil nitrogen concentrations
were not significantly affected by fertilizer treatment (Table 18,
Appendix Tables 51 and 52). ANOVA for spoil nitrogen by N treatment
and height class showed significant differences for height classes in
1984 and 1985, but none for N treatments (\ppendix Tables 53 and 54).
No specific trend was identified among the means (Table 19). ANOVA for
spoil nitrogen by P treatment and height class showed no significant
effect by P, but significant differences existed for height classe.s in
hoth 1984 and 1985 (Appendix Tables 55 and 56). Again, no trends were
apparent (Table 20).
Phosphorus. When analyzing spoil phosphorus by Nand P treatment,
P showed B significant Bff8~t in both 1984 and 1985 (Appendix Tables 57
and 58). Means by Nand P treatments are presented in Table 21.
The ANOVA of spoil phosphorus by N treatment and height class showed no
significance for any treatments in 1984 or 1985 (Table 22, Appendix
34
Table 18. Mean nitrogen concentrati()n in mine spoil at the end of the
1984 and 1985 growing seasons by Nand P treatment.
N Levels
(kg/IIa)
0 56 112 224 /;48
P Levels
(kg/ha) Years
-----------------percent-----------------
0 0.03 0.03 0.04 0.03 0.03 1984
0.04 0.03 0.04 0.03 0.04 1985
28 0.03 0.03 0.04 0.03 0.04 1984
0.04 0.04 0.05 0.04 0.05 1985
84 0.04 0.03 0.04 0.03 0.03 1984
0.0/; 0.04 0.03 O.OLI 0.04 1985
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Table 19. Mean nitrogen concentration in mine spclil at the end of the
1984 and 1985 growing seAsons by N and height classes.
N Levels
(kg/ha)
0 56 112 124 448
Height Class Years
-----------------percent----------------
Short Cl.03 0.03 0.06 0.03 0.04 19EVI
0.04 0.04 0.05 0.04 0.05 1985
Medium 0.04 0.03 0.03 0.03 0.03 1984
0.05 0.03 0.04 0.04 0.05 1985
Tall 0.03 0.03 0.03 0.04 O.OJ 1984
0.03 0.04 0.04 0.0/+ 0.04 1985
Very Tall 0.03 0.02 0.03 0.02 0.03 1984
0.04 0.03 0.03 0.03 0.03 1985
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Table 20. Mean nitrogen concentration in mine spoil at the end of the
1984 and 1985 growing seasons hy P and height classes.
P Levels
(kg/lia)
0 28 84
Height Class Years
-------percent--------
Short 0.04 0.04 0.04 1984
G.Os 0.05 0.04 1985
Medium 0.02 0.04 0.04 1<)84
0.04 0.04 0.04 1<)1)5
Tall 0.03 0.03 0.03 1984
0.04 0.04 0.04 1985
Very Tall 0.03 0.02 0.03 1984
0.03 0.04 0.03 1985
Table 21. Mean phosphorus concentration in mine spoil at the end of
the 1984 and 1985 growing seasons by Nand P treatment.
N Levels
(kg/ha)
0 56 112 224 448
P Levels
(kg/ha) Years
------------------ppm-------------------
0 I 1 12 12 ] 4 12 1984
]CJ 8 9 14 10 1985
28 13 14 13 11 11 1984
17 ]5 14 15 ]6 1985
84 18 13 20 17 16 1984
34 21 23 26 26 1985
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Table 22. Mean phosphorus concentration in mine spoil at the end of
the 1984 and 1985 growing seasons by N and height classes.
N Levels
(kg/ha)
0 56 112 221j 448
Height Class Years
------------------ppm------------------
Short ] 1 11 12 12 13 1984
14 11 17 17 113 1985
Medium 14 13 J8 16 12 1984
J 6 18 10 2/, 16 1985
Tall 17 13 J 6 14 13 1984
23 13 j 3 16 25 1985
Very Tall 14 15 14 13 13 1984
28 15 20 16 13 1985
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Tables 59 and 60). The ANOVA of 19R4 spoil phosphorus by l' treatment
and height class, however, showed significant differences for both P
and P-height cl3f;s interaction (Table 23, Appendix 'L.lbles 61-65). In
the short height class, spoil phosphorus was significantly lower in
plots treated with 28 kilograms per hectare tllan in either control or
plots treated with 84 kilograms per hectare. Roth the medium and very
tall height classes showed significantly higher spoil phosphorus at 84
kilograms per hectare rate than the controls or 28 kilograms per
hectare. Spoil phosphorus was not signficantly different in the tall
height class. In ]985, each rate of P fertilizer application produced a
significantly different phosphorus level in the spoil regardless of
height class. (Table 24, Appendix Table 66).
Munsell Color Correlation
Since the Nunse11 color chart can not be arranged in a linear
sequence using hue, value, and chroma, it was necessary to limit this
part of the study to only one hue page. However, 92% of the 750
original samples keyed to the hue page SGY. Three hundred of these
samples were analyzed and regression analyses was conducted on the
laboratnry rtJ§ults. All Httempt WJ~ made to Ul'Vi'lOP an ('quation to
predict foliar nitrogen based on chroma and value from the Munsell
')
color chart. Since the equatiun yielded an r~ of .2477, it is of
little use. Anot!wr attempt was made to pn.. dict phosphorus, yielding
equally disrual results with an r 2 of .00651.
Table 23. Mean phosphorus concentration in mine spoil at the end of
the 1984 growing seasUlI by P and height classes.
P Levels
(kg/ha)
40
28 84
Height Class
---------ppm-----------
Short
Medium
Tall
Very Tall
12b
lla
12
]3a
9a
13a
] 6
lla
14b
20b
14
18b
Means sharing the same letter in the same row are not significantly
different at the 0.05 level.
Table 24. Mean phosphorus concentration in mine spoil at the end of
the 1985 growing season by P.
P Levels
(kg/ha)
41
o 84
----------ppm----------
lOa ISb 26c
Means sharing the same letter are not significantly different at the
0.05 level.
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SUM.t'1ARY A!\D CONCLUSIONS
Application of ni trogcIl increased dialIlcll'r growth <lnd foliar
nitrogen content during the first year, and also iIlereased foliar
nitrogen content in the second year after treatment. However, it did
not increase the height growth or nitrogen content of the spoil. In
general, nitrogen content of foliage increased with increased rate of
applied nitrogen fertilizer. Foliage color could not be used to
predict foliar nitrogen content.
Application of phosphorus did not increase height or diameter
during the first year, but phosphorus did interact with height class to
affect lleight during 1984 and over hoth years, and diameter growth
during 1985 and for both growing seasons combined. For both of these
time periods, height growth gen~rally increased with phosphoruf:
application in trees initially classifj~d as v~ry tall. Diameter
growth in the two tallest height classes was also increased by
phosphorus during 1985 and over both seasons. In 1984, phosphorus
concentration in the needles WaS increased by N fertilizer, but not by
phosphorus; but in 1985, it was affected by height class. In both 1984
and 1985 spoil phosphorus was increased by phosphorus fertilizer
application. Foliage color could not be used to predict foliar
phosphorus content.
The amounts of fertilizer added to the spoil were probably
insufficient to produce a response in height growth. Although some
43
diameter responses were significant, tIl added growth was not enough to
justify the expense of fertilization. The cause of initial height
variations in the two year-old plantation is a mystery which merits
further investigation. No large differences ill spoil characteristics
were noted between tall plots and short plots ill this study; however,
water permeability was not examined and perhaps shoilld be studied in
the future. This study supports the presumption that the fertili7ers
already applied on this site were sufficient to promote satistactory
loblolly pine growth and that tile further addition of Nand P
fertilizers would not be worthwhile.
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Appendix Table I. Analysis of variance for height growth of loblolly
pine trees by Nand P for 1984.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 6 0.121 0.020 0.442 NS
N 4 0.107 0.027 0.588 NS
P 2 0.014 0.007 0.150NS
Interaction
N P 8 0.085 0.011 0.233 NS
Explained 14 0.205 0.015 0.323 NS
Error 45 2.045 0.045
Total 59 2.251 0.038
NS - Not statistically significant
49
Appendix Table 2. Analysis of variance for height growth of loblolly
pine trees by Nand P for 1985.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 6 0.295 0.049 0.896 NS
N 4 0.290 0.072 1.321 NS
P 2 0.005 0.003 0.046 NS
Interaction
N P 8 0.232 0.029 0.529 NS
Explained 14 0.526 0.038 0.686 NS
Error 45 2.466 0.055
Total 59 2.993 0.051
NS - Not statistically significant
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Appendix Table 3. Analysis of variance for height growth of loblolly
pine trees by Nand P for 1984 and 1985.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 6 0.716 0.119 0.624 NS
N 4 0.699 0.175 1. 914 NS
P 2 0.017 0.008 0.043 NS
Interaction
N P 8 0.545 0.068 0.356 NS
Explained 14 1.260 0.090 0.471 NS
Error 45 8.607 0.191
Total 59 9.867 0.167
NS - Not statistically significant
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Appendix Table 4. Analysis of variance for height growth of loblolly
pine trees by N and height classes for 1984.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 7 1.459 0.208 13.147 **
N 4 0.107 0.027 1.686 NS
Ht. Class 3 1.352 0.451 28.428 **
Interaction
N Ht. Class 12 0.158 0.013 0.828 NS
Explained 19 1. 617 0.085 5.367 NS
Error 40 0.634 0.016
Total 59 2.251 0.038
NS - Not statistically significant
** - Statistically significant at the 99% level of probability
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Appendix Table 5. Analysis of variance for height growth of loblolly
pine trees by N and height classes for 1985.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 7 1. 269 0.181 5.695 **
N 4 0.290 0.072 2.275 NS
Ht. Class 3 0.979 0.326 10.255 **
Interaction
N Ht. Class 12 0.450 0.038 1. 179 NS
Explained 19 1. 719 0.090 2.843 **
Error 40 1.273 0.032
Total 59 2.993 0.051
NS - Not statistically significant
** - Statistically significant at the 99% level of probability
Appendix Table 6. Analysis of variance for height growth of loblolly
pine trees by N and height classes for 1984 and
1985.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 7 5.357 0.765 8.973 **
N 4 0.699 0.175 2.049 NS
Ht. Class 3 4.658 1.553 18.204 **
Interaction
N Ht. Class 12 1.099 0.092 1.074 NS
Explained 19 6.456 0.340 3.984 **
Error 40 3.411 0.085
Total 59 9.867 0.169
NS - Not statistically significant
** - Statistically significant at the 99% level of probability
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Appendix Table 7. Analysis of variance for height growth of loblolly
pine trees by P and height cJasses for 1984.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F--ratio
Main Effects 5 1.366 0.273 21.129 **
P 2 0.014 0.007 0.528 NS
Ht. Class 3 1. 352 0.451 34.863 **
Interaction
p Ht. Class 6 0.264 0.044 3.409 **
Explained 11 1.630 0.148 11. 463
**
Error 48 0.621 0.013
Total 59 2.251 0.038
NS - Not statistically significant
** - Statistically significant at the 99% level of probability
Appendix Table 8. Analysis of variance for height growth of loblolly
pine trees in the short initial height class by P
for 1984.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
P 2 0.0165 0.0082 0.754 NS
Error 12 0.1312 0.0109
Total 14 0.1477
NS - Not statistically significant
Appendix Table 9. Analysis of variance for height growth of loblolly
pine trees in the medium initial height class by P
for 1984.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
P 2 0.0258 0.0129 1. 849 NS
Error 12 0.0836 0.0070
Total 14 0.1094
NS - Not statistically significant
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Appendix Table 10. Analysis of variance for height growth of loblolly
pine trees in the tall initial height class by P
for 1984.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
P 2 0.1124 0.0562 2.857 NS
Error 12 0.2360 0.0197
Total 14 0.3483
NS - Not statistically significant
Appendix Table 11. Analysis of variance for height growth of loblolly
pine trees in the very tall initial height class
by P for 1984.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
P 2 0.1235 0.0617 4.363 *
Error 12 0.1698 0.0142
Total 14 0.2933
* - Statistically significant at the 95% level of probability
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Appendix Table 12. Analysis of variance for height growth of loblolly
pine trees by P and height classes for 1985.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 5 0.984 0.197 5.967 **
P 2 0.005 0.003 0.076 NS
Ht. Class 3 0.979 0.326 9.894 **
Interaction
P Ht. Class 6 0.425 0.071 2.145 NS
Explained 11 1.409 0.128 3.882
**
Error 48 1.584 0.033
Total 59 2.993 0.051
NS - Not statistically significant
** - Statistically significant at the 99% level of probability
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Appendix Table 13. Analysis of variance for height growth of loblolly
pine trees by P and height classes for 1984 and
1985.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 5 4.674 0.935 11.681 **
P 2 0.017 0.008 0.103 NS
Ht. Class 3 4.658 1.553 19.399
**
Interaction
P Ht. Class 6 1. 352 0.225 2.815 *
Explained 11 6.026 0.548 6.845
**
Error 48 3.842 0.080
Total 59 9.867 0.167
NS - Not statistically significant
* - Statistically significant at the 95% level of probability
** - Statistically significant at the 99% level of probability
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Appendix Table 14. Analysis of variance for height growth of loblolly
pine trees in the short initial height class by P
for 1984 and 1985.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
P 2 0.1598 0.0799 1. 103 NS
Error 12 0.8693 0.0724
Total 14 1. 0291
NS - Not statistically significant
Appendix Table 15. Analysis of variance for height growth of loblolly
pine trees in the medium initial height class by P
for 1984 and 1985.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
P 2 0.1376 0.0688 0.910 NS
Error 12 1. 9076 0.0756
Total 14 1.0452
NS - Not statistically significant
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Appendix Table 16. Analysis of variance for height growth of loblolly
pine trees in the tall initial height class by P
for 1984 and 1985.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
p 2 0.3915 0.1957 1. 810 NS
Error 12 1.2974 J).1081
Total 14 1. 6889
NS - Not statistically significant
Appendix Table 17. Analysis of variance for height growth of loblolly
pine trees in the very tall initial height class by
P for 1984 and 1985.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
P 2 0.6792 0.3396 5.312 *
Error 12 0.7672 0.0639
Total 14 1.4464
* - Statistically significant at the 95% level of probability
Appendix Table 18. Analysis of variance for diameter growth of
loblolly pine trees by Nand P for 1984.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 6 1. 092 0.182 0.909 NS
N 4 0.995 0.249 1. 242 NS
P 2 0.097 0.048 0.242 NS
Interaction
N P 8 0.226 0.028 0.141 NS
Explained 14 1. 318 0.094 0.470 NS
Error 45 9.015 0.200
Total 59 10.333 0.175
NS - Not statistically significant
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Appendix Table 19. Analysis of variance for diameter growth of
loblolly pine trees by Nand P for 1985.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 6 0.437 0.073 0.806 NS
N 4 0.411 0.103 1.136 NS
p 2 0.026 0.013 0.146 NS
Interaction
N P 8 0.790 0.099 1.091 NS
Explained 14 1.227 0.088 0.969 NS
Error 45 4.072 0.090
Total 59 5.299 0.090
NS - Not statistically significant
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Appendix Table 20. Analysis of variance for diameter growth of
loblolly pine trees by Nand P for 1984 and 1985.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 6 1.866 0.311 0.666 NS
N 4 1.839 0.460 0.984 NS
P 2 0.027 0.013 0.029 NS
Interaction
N P 8 1.344 0.168 0.360 NS
Explained 14 3.210 0.229 0.491 NS
Error 45 21.016 0.476
Total 59 24.226 0.411
NS - Not statistically significant
Appendix Table 21. Analysis of variance for diameter growth of
loblolly pine trees by N and height classes for
1984.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 7 7.057 1.008 15.780 **
N 4 0.995 0.249 3.895 **
Ht. Class 3 6.062 2.021 31.628 **
Interaction
N Ht. Class 12 0.720 0.060 0.940 NS
Explained 19 7.777 0.409 6.407 **
Error 40 2.555 0.064
Total 59 10.333 0.175
NS - Not statistically significant
** - Statistically significant at the 99% level of probability
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Appendix Table 22. Analysis of variance for diameter growth of
loblolly pine trees by N and height classes for
1985.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 7 1.363 0.195 2.368 *
N 4 0.411 0.103 1.249 NS
Ht. Class 3 0.952 0.317 3.860
*
Interaction
N Ht. Class 12 0.646 0.054 0.655 NS
Explained 19 2.009 O. J06 1.286 NS
Error 40 3.290 0.082
Total 59 5.299 0.090
NS - Not statistically significant
* - Statistically significant at the 95% level of probability
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Appendix Table 23. Analysis of variance for diameter growth of
loblolly pine trees by N and height classes for
1984 and 1985.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 7 13.657 1. 951 8.825 **
N 4 1.839 0.460 2.079 NS
Ht. Class 3 11.818 3.939 17.820 **
Interaction
N Ht. Class 12 1. 726 0.144 0.651 NS
Explained 19 15.383 0.810 3.662 **
Error 40 8.843 0.221
Total 59 24.226 0.411
NS - Not statistically significant
** - Statistically significant at the 99% level of probability
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Appendix Table 24. Analysis of variance for diameter growth of
loblolly pine trees by P and height classes for
1984.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 5 6.159 1. 232 17.586 **
P 2 0.097 0.048 0.692 NS
Ht. Class 3 6.062 2.021 28.850
**
Interaction
P Ht. Class 6 0.812 0.135 1. 933 NS
Explained 11 6.971 0.634 9.048 **
Error 48 3.362 0.070
Total 59 10.333 0.175
NS - Not statistically significant
** - Statistically significant at the 99% level of probability
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Appendix Table 25. Analysis of variance for diameter growth of
loblolly pine trees by P and height classes for
1985.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 5 1. 979 0.196 3.192 *
P 2 0.026 0.013 0.215 NS
Ht. Class 3 1. 952 0.317 5.177
**
Interaction
P Ht. Class 6 1.377 0.230 3.744
**
Explained 11 2.356 0.214 3.493
**
Error 48 2.943 0.061
Total 59 5.299 0.090
NS - Not statistically significant
* - Statistically significant at the 95% level of probability
** - Statistically significant at the 99% level of probability
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Appendix Table 26. Analysis of variance for diameter growth of
loblolly pine trees in the short initial height
class by P for 1985.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
p 2 0.2028 0.1014 1. 307 NS
Error 12 0.9314 0.0776
Total 14 1.1342
NS - Not statistically significant
Appendix Table 27. Analysis of variance for diameter growth of
loblolly pine trees in the medium initial height
class by P for 1985.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
p 2 0.1533 0.0767 1. 762 NS
Error 12 1.2078 0.1006
Total 14 1.3611
NS - Not statistically significant
69
70
Appendix Table 28. Analysis of variance for diameter growth of
loblolly pine trees in the tall initial height
class by P for 1985.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
P 2 0.2760 0.1380 4.684 *
Error 12 0.3536 0.0295
Total 14 0.6296
* - Satistically significant at the 95% level of probability
Appendix Table 29. Analysis of variance for diameter growth of
loblolly pine trees in the very tall initial height
class by P for 1985.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
P 2 0.7717 0.3859 10.278 **
Error 12 0.4505 0.0375
Total 14 1.2222
** - Statistically significant at the 99% level of probability
Appendix Table 30. Analysis of variance for diameter growth of
loblolly pine trees by P and height classes for
1984 and 1985.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 5 11. 845 2.369 13.306
**
P 2 0.027 0.013 0.075 NS
Ht. Class 3 11.818 3.939 22.126 **
Interaction
P Ht. Class 6 3.835 0.639 3.590 **
Explained 11 15.680 1. 425 8.006 **
Error 48 8.546 0.178
Total 59 24.226 0.411
NS - Not statistically significant
** - Statistically significant at the 99% level of probability
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Appendix Table 31. Analysis of variance for diameter growth of
loblolly pine trees in the short initial height
class by P for 1984 and 1985.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
P 2 0.2886 0.1443 0.552 NS
Error 12 3.1376 0.2615
Total 14 3.4262
NS - Not statistically significant
Appendix Table 32. Analysis of variance for diameter growth of
loblolly pine trees in the medium initial height
class by P for 1984 and 1985.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
P 2 0.6498 0.3249 1. 360 NS
Error 12 2.8675 0.2390
Total 14 3.5172
NS - Not statistically significant
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Appendix Table 33. Analysis of variance for diameter growth of
loblolly pine trees in the tall initial height
class by P for 1984 and 1985.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
,:,.p..:....::...=....:....:~-------:::-2---:-1-'".-;-6""'"83~7:;------'Oo-".'""8"""'4-;-179----- 7. 461 **
Error
Total
12
14
1. 3541
3.0378
0.1128
** - Statistically significant at the 99% level of probability
Appendix Table 34. Analysis of variance for diameter growth of
loblolly pine trees in the very tall initial height
class by P for 1984 and 1985.
ANALYSIS OF VARIANCE
Source
P
Error
Total
DF
2
12
14
Sum of
Squares
1.2396
1.1871
2.4267
Mean
Square
0.6198
0.0989
F-ratio
6.266 *
* - Statistically significant at the 95% level of probability
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Appendix Table 35. Analysis of variance for nitrogen concentration in
needles produced on the terminal leader of loblolly
pine trees during the first flush of height growth
in 1984 by Nand P.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 6 0.720 0.120 3.922 **
N 4 0.658 0.165 5.379 **
p 2 0.062 0.031 1.007 NS
Interaction
N P 8 0.347 0.043 1. 417 NS
Explained 14 1.067 0.076 2.490 **
Error 45 1.377 0.031
Total 59 2.444 0.041
NS - Not statistically significant
** - Statistically significant at the 99% level of probability
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Appendix Table 36. Analysis of variance for nitrogen concentration in
needles produced on the terminal leader of loblolly
pine trees during the first flush of height growth
in 1985 by Nand P.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 6 0.188 0.031 1. 880 NS
N 4 0.155 0.039 2.327 NS
P 2 0.033 0.016 0.984 NS
Interaction
N P 8 0.047 0.006 0.355 NS
Explained 14 0.235 0.017 1.009 NS
Error 45 0.748 0.017
Total 59 0.983 0.017
NS - Not statistically s ignif icant
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Appendix Table 37. Analysis of variance for nitrogen concentration in
needles produced on the terminal leader of loblolly
pine trees during the first flush of height growth
in 1984 by Nand P.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 7 0.697 0.100 2.547 *
N 4 0.658 0.165 4.213 **Ht. Class 3 0.038 0.013 0.325 NS
Interaction
N Ht. Class 12 0.185 0.015 0.958 NS
Explained 19 0.881 0.046 0.315 NS
Error 40 1.563 0.039
Total 59 2.444 0.041
NS - Not statistically significant
*
- Statistically significant at the 95% level of probability
**
- Statistically significant at the 99% level of probability
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Appendix Table 38. Analysis of variance for nitrogen concentration in
needles produced on the terminal leader of loblolly
pine trees during the first flush of height growth
in 1985 by N and height classes.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 7 0.454 0.065 6.227 **
N 4 0.155 0.039 3.719 *
Ht. Class 3 0.299 0.100 9.572 **
Interaction
N Ht. Class 12 0.113 0.009 0.907 NS
Explained 19 0.567 0.030 2.867 **
Error 40 0.416 0.010
Total 59 0.983 0.017
NS - Not statistically significant
*
- Statistically significant at the 95% level of probability
** - Statistically significant at the 99% level of probability
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Appendix Table 39. Analysis of variance for nitrogen concentration in
needles produced on the terminal leader of loblolly
pine trees during the first flush of height growth
in 1984 by P and height classes.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 5 0.100 0.020 0.465 NS
P 2 0.062 0.031 0.718NS
Ht. Class 3 0.038 0.013 0.296 NS
Interaction
P Ht. Class 6 0.285 0.048 1.108 NS
Explained 11 0.385 0.035 0.816 NS
Error 48 2.059 0.043
Total 59 2.444 0.041
NS - Not statistically significant
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Appendix Table 40. Analysis of variance for nitrogen concentration in
needles produced on the terminal leader of loblolly
pine trees during the first flush of height growth
in 1985 by P and height classes.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 5 0.332 0.066 5.458 **
P 2 0.033 0.016 1. 347 NS
Ht. Class 3 0.299 0.100 8.199 **
Interaction
P Ht. Class 6 0.068 0.011 0.939 NS
Explained 11 0.400 0.036 2.993 **
Error 48 0.583 0.012
Total 59 0.983 0.017
NS - Not statistically significant
** - Statistically significant at the 99% level of probability
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Appendix Table 41. Analysis of variance for phosphorus concentration
in needles produced on the terminal leader of
loblolly pine trees during the first flush of
height growth in 1984 by Nand P.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares S.quare F-ratio
Main Effects 6 0.051 (J.009 2.824 *
N 4 0.045 O.Oll 3.758 **
P 2 0.006 0.003 0.956 NS
Interaction
N P 8 0.029 0.004 1.199 NS
Explained 14 0.080 0.006 1. 895 NS
Error 45 0.136 0.003
Total 59 0.216 0.004
NS - Not statistically significant
*
- Statistically significant at the 95% level of probability
**
- Statistically significant at the 99% level of probability
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Appendix Table 42. Analysis of variance for phosphorus concentration
in needles produced on the terminal leader of
loblolly pine trees during the first flush of
height growth in 1985 by Nand P.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 6 0.001 0.000 0.944 NS
N 4 0.000 0.000 0.695 NS
P 2 0.000 0.000 1. 441 NS
Interaction
N P 8 0.001 0.000 0.652 NS
Explained 14 0.002 0.000 0.777 NS
Error 45 0.008 0.000
Total 59 0.010 0.000
NS - Not statistically significant
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Appendix Table 43. Analysis of variance for phosphorus concentration
in needles produced on the terminal leader of
loblolly pine trees during the first flush of
height growth in 1984 hy N and height classes.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 7 0.048 0.007 1. 918 NS
N 4 0.045 0.011 3.145 *
Ht. Class 3 0.003 0.001 0.281 NS
Interaction
N Ht. Class 12 0.023 0.002 0.877 NS
Explained 19 0.072 0.004 0.436 NS
Error 40 0.144 0.004
Total 59 0.216 0.004
NS - Not statistically significant
* - Statistically significant at the 95% level of probability
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Appendix Table 44. Analysis of variance for phosphorus concentration
in needles produced on the terminal leader of
loblolly pine trees during the first flush of
height growth in 1985 by N and height classes.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 7 0.003 0.000 2.454 *
N 4 0.000 0.000 0.818 NS
Ht. Class 3 0.002 0.001 4.636 **
Interaction
N Ht. Class 12 0.001 0.000 0.714 NS
Explained 19 0.004 0.000 1.355 NS
Error 40 0.006 0.000
Total 59 0.010 0.000
NS - Not statistically significant
*
- Statistically significant at the 95% level of probability
**
- Statistically significant at the 99% level of probability
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Appendix Table 45. Analysis of variance for phosphorus concentration
in needles produced on the terminal leader of
loblolly pine trees during the first flush of
height growth in 1984 by P and height classes.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 5 0.009 0.002 0.464 NS
P 2 0.006 0.001 0.759 NS
Ht. Class 3 0.003 0.001 0.267 NS
Interaction
P Ht. Class 6 0.025 0.004 1. 081 NS
Explained 11 0.034 0.003 0.801 NS
Error 48 0.183 0.004
Total 59 0.216 0.004
NS - Not statistically significant
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Appendix Table 46. Analysis of variance for phosphorus concentration
in needles produced on the terminal leader of
loblolly pine trees during the first flush of
height growth in 1985 by P and height classes.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 5 0.003 0.001 4.489 **
p 2 0.000 0.000 2.200 NS
Ht. Class 3 0.002 0.001 6.015 **
Interaction
p Ht. Class 6 0.002 0.000 2.478 *
Explained 11 0.004 0.000 3.392 **
Error 48 0.005 0.000
Total 59 0.010 0.000
NS - Not statistically significant
* - Statistically significant at the 95% level of probabili ty
** - Statistically significant at the 99% level of probability
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Appendix Table 47. Analysis of variance for phosphorus concentration
in needles produced on the terminal leader of
loblolly pine trees in the short initial height
class during the first flush of height growth in
1985 by P.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
P 2 0.0001 0.0001 0.581 NS
Error 12 0.0013 0.0001
Total 14 0.0014
NS - Not statistically significant
Appendix Table 48. Analysis of variance for phosphorus concentration
in needles produced on the terminal leader of
loblolly pine trees in the medium initial height
class during the first flush of height growth in
1985 by P.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
P 2 0.0011 0.0005 4.000 *
Error 12 0.0016 0.0001
Total 14 0.0027
* - Statistically significant at the 95% level of probability
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Appendix Table 49. Analysis of variance for phosphorus concentration
in needles produced on the terminal leader of
loblolly pine trees in the tall initial height
class during the first flush of height growth in
1985 by P.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
p 2 0.0000 0.0000 0.250 NS
Error 12 0.0011 0.0001
Total 14 0.0012
NS - Not statistically significant
Appendix Table 50. Analysis of variance for phosphorus concentration
in needles produced on the terminal leader of
loblolly pine trees in the very tall initial height
class during the first flush of height growth in
1985 by P.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
p 2 0.0009 0.0005 3.911 *
Error 12 0.0014 0.0001
Total 14 0.0023
* - Statistically significant at the 95% level of probability
Appendix Table 51. Analysis of variance for nitrogen concentration
in mine spoil by Nand P at the end of the 1984
growing season.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 6 0.001 0.000 0.731 NS
N 4 0.001 0.000 0.858 NS
P 2 0.000 0.000 0.477 NS
Interaction
N P 8 0.000 0.000 0.314 NS
Explained 14 0.001 0.000 0.493 NS
Error 45 0.008 0.000
Total 59 0.009 0.000
NS - Not statistically significant
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Appendix Table 52. Analysis of variance for nitrogen concentration
in mine spoil by Nand P at the end of the 1985
growing season.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 6 0.001 0.000 1. 454 NS
N 4 0.000 0.000 1. 272 NS
P 2 0.000 0.000 1. 819 NS
Interaction
N P 8 0.001 0.000 0.683 NS
Explained 14 0.001 0.000 1.014 NS
Error 45 0.004 0.000
Total 59 0.006 0.000
NS - Not statistically significant
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Appendix Table 53. Analysis of variance for nitrogen concentration
in mine spoil by N and height classes at the end of
the 1984 growing season.
ANALYSIS OF VARIAhCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 7 0.002 0.000 2.761 *
N 4 0.001 0.000 1.341 NS
Ht. Class 3 0.002 0.001 4.654 **
Interaction
N Ht. Class 12 0.002 0.000 1. 815 NS
Explained 19 0.005 0.000 2.163 *
Error 40 0.004 0.000
Total 59 0.009 0.000
NS - Not statistically significant
* - Statistically significant at the 95% level of probability
** - Statistically significant at the 99% level of probability
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Appendix Table 54. Analysis of variance for nitrogen concentration
in mine spoil by N and height classes at the end of
the 1985 growing season.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 7 0.002 0.000 3.028 *
N 4 0.000 0.000 1.555 NS
Ht. Class 3 0.001 0.000 4.992 **
Interaction
N Ht. Class 12 0.001 0.000 0.930 NS
Explained 19 0.003 0.000 1.703 NS
Error 40 0.003 0.000
Total 59 0.006 0.000
NS - Not statistically significant
* - Statistically significant at the 95% level of probability
**
- Statistically significant at the 99% level of probability
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Appendix Table 55. Analysis of variance for nitrogen concentration
in mine spoil by P and height classes at the end of
the 1984 growing season.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 5 0.002 0.000 2.532 *
P 2 0.000 0.000 0.610 NS
Ht. Class 3 0.002 0.001 3.812
*
Interaction
P Ht. Class 6 0.001 0.000 0.962 NS
Explained 11 0.002 0.000 1. 676 NS
Error 48 0.006 0.000
Total 59 0.009 0.000
NS - Not statistically significant
* - Statisitically significant at the 95% level of probability
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Appendix Table 56. Analysis of variance for nitrogen concentration
in mine spoil by P and height classes at the end of
the 1985 growing season.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 5 0.002 0.000 4.021 **
P 2 0.000 0.000 2.301 NS
Ht. Class 3 0.001 0.000 5.168 **
Interaction
P Ht. Class 6 0.001 0.000 1.131 NS
Explained 11 0.002 0.000 2.445 *
Error 48 0.004 0.000
Total 59 0.006 0.000
NS - Not statistically significant
* - Statistically significant at the 95% level of probability
** - Statistically significant at the 99% level of probability
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Appendix Table 57. Analysis of variance for phosphorus concentration
in mine spoil by Nand P at the end of the 1984
growing season.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 6 293.867 48.978 3.280 **
N 4 34.833 8.708 0.583 NS
P 2 259.033 129.517 8.673 **
Interaction
N P 8 119.467 14.933 1.000 NS
Explained 14 413.333 29.524 1.977 *
Error 45 672.000 14.933
Total 59 1085.333 18.395
NS - Not statisticalJy significant
* - Statistically significant at the 95% level of probability
** - Statistically significant at the 99% level of probability
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Appendix Table 58. Analysis of variance for phosphorus concentration
in mine spoil by Nand P at the end of the 1985
growing season.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 6 3051.933 508.656 9.240 **
N 4 295.233 73.808 1. 341 NS
P 2 2756.700 1378.350 25.038 **
Interaction
N P 8 262.467 32.808 0.596 NS
Explained 14 3314.400 236.743 4.301
**
Error 45 2477.250 55.050
Total 59 5791.650 98.164
NS - Not statistically significant
** - Statistically significant at the 99% level of probability
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Appendix Table 59. Analysis of variance for phosphorus concentration
in mine spoil by N and height classes at the end of
the 1984 growing season.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 7 105.367 15.052 0.680 NS
N 4 34.833 8.708 0.393 NS
Ht. Class 3 70.533 23.511 1.061 NS
Interaction
N Ht. Class 12 93.967 7.831 0.354 NS
Explained 19 199.333 10.491 0.474 NS
Error 40 886.000 22.150
Total 59 1085.333 18.395
NS - Not statistically significant
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Appendix Table 60. Analysis of variance for phosphorus concentration
in mine spoil by N and height classes at the end of
the 1985 growing season.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 7 381.683 54.526 0.479 NS
N 4 295.233 73.808 0.648 NS
Ht. Class 3 86.450 28.817 0.253 NS
Interaction
N Ht. Class 12 855.967 71. 331 0.627 NS
Explained 19 1237.650 65.139 0.572 NS
Error 40 4554.000 113.850
Total 59 5791.650 98.164
NS - Not statistically significant
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Appendix Table 61. Analysis of variance for phosphorus concentration
in mine spoil by P and height classes at the end of
the 1984 growing season.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 5 329.567 65.913 5.850 **
P 2 259.033 129.517 11. 496 **
Ht. Class 3 70.533 23.511 2.087 NS
Interaction
P Ht. Class 6 214.967 35.828 3.180
**
Explained 11 544.533 49.503 4.394
**
Error 48 540.800 11. 267
Total 59 1085.333 18.395
NS - Not statistically significant
** - Statisitically significant at the 99% level of probability
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Appendix Table 62. Analysis of variance for phosphorus concentration
in mine spoil supporting loblolly pine trees in the
short initial height class by P at the end of the
1984 growing season.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
p 2 50.5333 25.2667 7.359 **
Error 12 41. 2000 3.4333
Total 14 91.7333
** - Statistically significant at the 99% level of probability
Appendix Table 63. Analysis of variance for phosphorus concentration
in mine spoil supporting loblolly pine trees in the
medium initial height class by P at the end of the
1984 growing season.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
p 2 252.9333 126.4667 4.650 *
Error 12 326.4000 27.2000
Total 14 579.3333
* - Statistically significant at the 95% level of probability
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Appendix Table 64. Analysis of variance for phosphorus concentration
in mine spoil supporting loblolly pine trees in the
tall initial height class by P at the end of the
1984 growing season.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
P 2 44.1333 22.0667 2.050 NS
Error 12 129.2000 10.7667
Total 14 173.3333
NS - Not statistically significant
Appendix Table 65. Analysis of variance for phosphorus concentration
in mine spoil supporting loblolly pine trees in the
very tall initial height class by P at the end of
the 1984 growing season.
ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
P 2 126.4000 63.2000 17.236 **
Error 12 44.0000 3.6667
Total 14 170.4000
** - Statistically significant at the 99% level of probability
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Appendix Table 66. Analysis of variance for phosphorus concentration
in mine spoil by P and height classes at the end of
the 1985 growing season.
·ANALYSIS OF VARIANCE
Sum of Mean
Source DF Squares Square F-ratio
Main Effects 5 2843.150 568.630 10.244 **
p 2 2756.700 1378.350 24.831 **
Ht. Class 3 86.450 28.817 0.519 NS
Interaction
p Ht. Class 6 284.100 47.350 0.853 NS
Explained 11 3127.250 284.295 5.122
**
Error 48 2664.400 55.508
Total 59 5791.650 98.164
NS - Not statistically significant
** - Statistically significant at the 99% level of probability
Appendix Table 67. Fertilizer application rate by plot.
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Plot Nitrogen Phosphorus
-----------kg/ha------------
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
112
o
56
o
56
224
448
56
o
56
112
224
o
224
o
o
56
56
448
224
448
224
56
224
448
56
112
o
224
224
448
224
448
448
112
112
112
448
56
o
(Continued)
28
28
84
o
28
28
28
84
o
o
o
28
84
84
28
o
o
84
84
84
o
o
o
28
28
28
84
84
o
o
84
84
28
o
28
84
84
o
28
84
Appendix Table 67. Continued.
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Plot Nitrogen Phosphorus
,
-----------kg/ha------------"
41
42
43
44
45
46
47
48
49
50
5]
52
53
54
55
56
57
58
59
60
224
o
448
112
56
112
112
112
56
224
448
112
224
448
a
56
o
o
112
448
84
28
o
a
84
28
o
28
28
o
84
84
28
84
a
o
84
28
o
28
Appendix Table 68. Plot means for tree heights and diameters at the
end of each growing season.
Plot Height Diameter
InitiaJ 1984 1985 Initial 1984 1985
--------meters------- -----centimeters-----
1 1.13 2.16 3.35 2.60 5.22 7.68
2 1. 17 2.14 3.36 2.60 5.00 7.32
3 0.99 2.00 3.23 2.19 4.82 7.10
4 1. 20 2.15 3.20 2.77 5.05 6.88
5 1. 27 2.35 3.60 3.05 5.87 8.01
6 1. 10 2.05 3.33 2.50 5.32 7.65
7 1.13 2.12 3.41 2.61 5.75 8.19
8 1. 10 2.06 3.30 2.57 5.36 7.66
9 0.94 1. 74 2.91 1. 93 4.30 6.58
10 1.06 1. 99 3.18 2.27 4.85 6.83
11 0.88 1. 50 2.42 1. 90 4.21 5.90
12 0.79 1. 47 2.59 1.58 3.84 5.91
13 1. 07 1. 96 3.06 2.37 4.82 6.80
14 1. 44 2.63 3.98 3.39 6.30 8.23
15 1. 00 1. 74 2.73 2.35 4.53 6.25
16 0.78 1. 32 2.02 1.72 3.45 5.14
17 0.92 1. 69 2.81 1. 92 4.28 6.31
18 0.89 1.54 2.57 1. 87 3.91 5.86
19 0.87 1.48 2.30 2.01 4.17 6.12
20 0.73 1. 22 2.10 1. 34 3.32 5.21
21 0.86 1. 42 2.41 1. 79 3.81 5.76
22 0.92 1. 64 2.56 2.18 4.66 6.84
23 0.74 1. 27 2.12 1. 46 3.18 5.22
24 0.88 1. 55 2.60 1. 92 4.34 6.42
25 0.92 1. 52 2.36 2.02 4.39 6.37
26 1. 03 1.82 2.98 2.24 4.91 6.99
27 1. 08 1. 98 3.24 2.38 5.34 7.40
28 1.16 2.08 3.16 2.71 5.10 7.16
29 1. 16 1.88 2.84 2.85 5.58 7.39
30 1.04 1.59 2.40 2.38 4.73 6.50
31 1. 10 1. 78 2.52 2.48 5.38 7.46
32 0.89 1.43 2.14 1. 82 4.08 5.63
33 0.99 1. 62 2.35 2.18 4.64 6.16
34 1. 18 1. 93 2.73 2.69 5.78 7.44
35 1.08 1.63 2.31 2.27 4.55 6.18
36 0.95 1.57 2.26 1. 91 4.17 5.56
37 1. 12 1. 82 2.55 2.45 5.15 6.59
(Continued)
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Appendix Table 68. Continued.
Plot Height Diameter
Initial 1984 1985 Initial 1984 1985
--------meters------- -----centimeters-----
38 1.13 1. 45 2.14 1.92 3.89 5.52
39 0.94 1. 48 2.13 1. 79 3.73 5.08
40 0.88 1. 41 1. 96 1. 87 3.89 5.28
41 1. 07 1.92 2.92 2.39 5.JO 7.25
42 0.85 1.33 1. 90 1.77 3.47 4.76
43 0.89 1. 39 1. 91 1. 83 4.05 5.36
44 1. 12 1. 90 2.86 2.49 5.05 6.92
45 0.79 1. 21 1. 89 1. 76 3.54 5.03
46 0.74 1. 19 1. 86 1. 28 3.12 4.57
47 1.02 1.80 2.78 2.26 4.87 6.70
48 0.90 1. 46 2.32 1. 84 3.87 5.61
49 0.77 1.28 2.06 1. 35 3.22 4.87
50 0.77 1.30 2.16 1. 46 J.41 5.21
51 0.92 1.53 2.50 1. 84 4.20 6.06
52 0.71 0.93 1. 35 1. 22 2.40 3.58
53 0.98 1. 55 2.50 1. 99 4.11 5.88
54 1. 14 1. 99 3.10 2.41 5.29 7.27
55 0.97 1. 74 2.69 2.18 4.34 6.35
56 1. 18 1. 93 2.87 2.62 4.98 6.76
57 0.94 1. 51 2.17 1. 96 3.54 5.08
58 0.88 1. 39 2.09 1. 92 3.56 5.25
59 0.88 1.43 2.20 1. 91 3.98 5.62
60 0.74 1.13 1. 76 1. 45 3.06 4.64
105
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Appendix Table 69. Foliar concentrations from composite plot samples.
Plot Nitrogen Phosphorus
-----------percent------------
1984 1985 1984 1985
1 1.298 0.923 0.172 0.085
2 1.096 0.865 0.203 0.068
3 1. 327 0.981 0.226 0.080
4 0.981 0.779 0.259 0.077
5 1.211 0.836 0.186 0.079
6 1.384 0.923 0.208 0.071
7 1.384 0.952 0.179 0.071
8 1.500 0.952 0.215 0.076
9 1.096 1.154 0.217 0.088
10 1.211 0.981 0.170 0.086
11 1. 788 1.096 0.241 0.082
12 1.529 1.067 0.212 0.084
13 1.168 1.096 0.330 0.088
14 0.880 0.894 0.250 0.086
15 1.240 0.894 0.199 0.092
16 1.182 0.981 0.320 0.081
17 1.355 1.067 0.192 0.087
18 1.038 1.009 0.188 0.099
19 1.471 1. 327 0.195 0.083
20 1.197 1.096 0.160 0.085
21 1.298 1.211 0.162 0.102
22 1.557 1.154 0.183 0.096
23 1. 831 1. 182 0.149 0.077
24 1.269 1.096 0.175 0.099
25 1.529 1.182 0.177 0.089
26 1.456 0.952 0.180 0.101
27 1. 370 0.721 0.171 0.103
28 1.125 0.692 0.225 0.095
29 1.399 1.125 0.190 0.088
30 1. 471 1.182 0.169 0.085
31 1.586 1.211 0.175 0.083
32 1.197 0.952 0.115 0.094
33 1. 211 0.952 0.120 0.086
34 1.269 1.009 0.056 0.084
35 1.168 1. 067 0.157 0.089
36 1.053 0.981 0.143 0.099
37 1. 009 0.981 0.131 0.089
38 1. 327 1.154 0.151 0.086
(Continued)
Appendix Table 69. Continued.
Plot Nitrogen Phosphorus
-----------percent------------
1984 1985 1984 1985
39 1.038 1.038 0.151 0.096
40 0.923 0.981 0.138 0.097
41 1.255 0.981 0.171 0.092
42 1.067 1. 067 0.158 0.099
43 1. 341 1.240 0.128 0.083
44 1.082 1.067 0.147 0.085
45 0.981 1.009 0.157 0.094
46 1.UO 1. 182 0.154 0.085
47 1.096 0.952 0.157 0.088
48 1.240 1.067 0.148 0.088
49 1.082 1.096 0.169 0.092
50 1.182 1.038 0.127 0.080
51 1.471 0.952 0.168 0.099
52 1.355 1. 327 0.168 0.092
53 1. 413 1.067 0.168 0.092
54 1.500 0.923 0.168 0.088
55 1.038 0.865 0.101 0.142
56 1.168 0.923 0.156 0.104
57 0.952 1.038 0.231 0.123
58 1.038 0.952 0.123 0.108
59 1.255 1.009 0.119 0.089
60 1.327 1.096 0.159 0.090
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Appendix Table 70. Soil concentrations by plot.
Plot Nitrogen Phosphorus
--percent-- ----ppm----
1984 1985 1984 1985
1 0.022 0.042 12 23
2 0.026 0.042 9 12
3 0.028 0.044 9 14
4 0.026 0.042 14 16
5 0.018 0.026 14 14
6 0.018 0.040 8 12
7 0.022 0.034 12 13
8 0.022 0.032 18 24
9 0.018 0.038 7 10
10 0.032 0.032 12 7
11 0.024 0.038 12 9
12 0.026 0.042 8 9
13 0.030 0.030 19 30
14 0.020 0.034 17 18
15 0.020 0.030 20 32
16 0.034 0.044 10 7
17 0.028 0.033 12 5
18 0.016 0.032 13 31
19 0.028 0.046 16 29
20 0.028 0.036 17 33
21 0.022 0.040 13 14
22 0.022 0.036 14 19
23 0.026 0.038 13 11
24 0.028 0.036 18 26
25 0.036 0.048 8 15
26 0.032 0.034 17 18
27 0.028 0.034 15 15
28 0.032 0.028 19 56
29 0.020 0.024 15 19
30 0.028 0.030 14 10
31 0.028 0.042 12 39
32 0.032 0.050 17 27
33 0.028 0.046 14 24
34 0.028 0.032 11 8
35 0.036 0.046 20 15
36 0.034 0.032 33 14
37 0.024 0.028 19 29
38 0.034 0.046 12 11
(Continued)
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Appendix Table 70. Continued.
Plot Nitrogen Phosphorus
--percent-- ----ppm----
1984 1985 1984 ]985
39 0.036 0.038 14 17
40 0.022 0.034 13 24
41 0.034 0.042 17 27
42 0.028 0.038 9 ] 1
43 0.020 0.050 10 7
44 0.032 0.032 11 7
45 0.038 0.038 11 13
46 0.048 0.058 9 8
47 0.024 0.032 12 8
48 0.036 0.042 9 8
49 0.038 0.054 10 10
50 0.036 0.048 12 9
51 0.040 0.042 18 25
52 0.074 0.030 12 33
53 0.048 0.048 11 12
54 0.028 0.038 16 19
55 0.040 0.044 11 7
56 0.034 0.030 12 8
57 0.056 0.068 21 26
58 0.052 0.052 14 12
59 0.064 0.064 14 10
60 0.074 0.072 11 10
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Appendix Table 71. 1984 foliage samples from Munsell color page 5GY.
Plot Tree Value Chroma Nitrogen Phosphorus
-------percent--------
1 60 5 6 1.298 0.132
2 5 5 4 1.096 0.089
2 27 6 6 0.865 0.095
2 50 5 8 1.182 0.087
3 4 5 6 1.038 0.109
3 39 5 8 1.384 0.105
3 40 5 4 1.125 0.102
3 59 5 6 1.471 0.133
4 23 5 4 1.240 0.109
4 47 6 4 1.211 0.093
4 63 6 6 0.894 0.156
5 3 4 6 1.355 0.117
5 9 6 6 1.298 0.104
5 27 5 8 1.009 0.107
5 34 5 6 1.298 0.127
5 39 5 4 1.240 0.113
6 16 4 4 1.557 0.096
6 45 5 6 1. 413 0.095
6 49 5 8 1.096 0.117
7 24 5 6 1.298 0.100
7 29 5 8 1.471 0.086
7 40 5 8 1.586 0.112
7 53 5 4 1.384 0.100
8 8 5 4 1. 615 0.117
8 21 4 4 1.125 0.108
8 33 5 8 1.154 0.086
8 53 5 8 1.240 0.120
8 61 5 4 1.269 0.106
9 4 6 6 1.269 0.106
9 19 5 6 1.182 0.095
9 61 5 8 1.240 0.098
9 64 5 6 1.327 0.139
10 8 5 4 1.442 0.094
10 30 5 8 1.269 0.086
10 52 5 8 1.067 0.071
11 4 5 6 1.471 0.307
11 23 5 4 1.903 0.240
11 30 5 6 1.529 0.470
11 55 5 4 1.586 0.160
11 66 5 4 0.721 0.152
(Continued)
Appendix Table 7l. Continued.
Plot Tree Value Chroma Nitrogen Phosphorus
-------percent---------
12 7 4 4 1. 730 0.115
12 14 5 4 1. 615 0.112
12 32 5 4 1.529 0.104
12 38 5 8 1.529 0.092
13 4 4 6 1. 557 0.096
13 12 4 4 1.442 0.084
13 41 5 4 1.384 0.103
13 45 5 8 1.355 0.103
13 59 6 8 0.750 0.176
13 70 6 6 1.211 0.154
14 19 5 6 1.038 0.108
14 33 6 6 0.981 0.101
14 48 5 4 1.096 0.109
14 65 5 6 0.894 0.099
15 10 5 6 1.154 0.106
15 16 5 4 1.269 0.120
15 40 5 4 1.500 0.103
15 45 5 I.. 1.298 0.102
15 50 6 4 1.182 0.099
15 56 6 6 0.836 0.088
16 33 5 4 1.182 0.320
16 62 5 4 1.240 0.210
17 3 4 4 1.442 0.107
17 15 6 4 1.182 0.180
17 21 5 6 1.182 0.108
17 38 4 6 1.240 0.096
17 43 4 4 1.298 0.128
17 46 5 4 1.154 0.109
17 55 5 4 1.038 0.029
18 3 6 6 1.067 0.094
18 18 5 6 0.865 0.084
18 36 6 4 0.865 0.084
18 64 5 6 1.500 0.084
19 12 4 4 1.384 0.088
19 28 5 4 1. 788 0.102
19 36 5 4 1.182 0.102
19 40 5 6 1.557 0.094
20 4 5 4 1.240 0.078
20 39 5 4 1.067 0.085
20 56 6 6 1.125 0.074
(Continued)
III
Appendix Table 71. Continued.
Plot Tree Value Chroma Nitrogen Phosphorus
-------percent--------
21 6 4 4 1.442 0.093
21 9 5 6 1.154 0.088
21 13 4 4 1.500 0.110
21 20 4 4 1.413 0.103
21 40 5 4 1.298 0.101
21 45 4 4 1.442 0.104
22 6 4 4 1.500 0.093
22 22 5 4 1. 673 0.096
22 26 4 6 2.019 0.104
22 29 4 4 1. 788 0.098
22 34 4 4 1.702 0.094
23 11 5 4 1.211 0.096
23 17 5 6 1.096 0.083
23 43 5 8 1.182 0.093
23 56 5 4 1.240 0.097
24 3 4 4 1. 730 0.100
24 32 5 4 1.557 0.104
24 38 5 4 1.500 0.109
24 56 5 4 1.529 0.112
25 5 4 4 1.298 0.081
25 31 5 4 1. 759 0.109
25 37 4 4 1. 759 0.113
25 41 4 4 1.586 0.098
25 53 5 4 1. 759 0.113
26 1 5 4 1.240 0.116
26 18 5 4 1. 327 0.108
26 27 4 6 1.125 0.093
26 34 5 4 1. 413 0.114
27 18 5 8 1.298 0.091
27 23 5 4 1.240 0.088
27 30 4 6 1.529 0.105
27 39 4 4 1.240 0.102
27 64 4 4 1.442 0.105
28 1 5 6 1.154 0.180
28 18 5 4 0.981 0.114
28 25 5 6 1.009 0.187
28 41 4 6 1.096 0.200
29 4 4 4 1.355 0.145
29 23 5 4 1.500 0.168
29 27 5 6 1.327 0.151
(Continued)
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Appendix Table 71. Continued.
Plot Tree Value Chroma Nitrogen Phosphorus
-------percent--------
29 33 4 6 1.471 0.235
29 48 4 4 1. 702 0.090
30 3 5 4 1.615 0.074
30 27 4 6 1.644 0.096
30 35 4 4 1. 759 0.105
30 40 4 4 1.730 0.087
30 58 4 4 1. 759 0.094
31 18 4 4 1. 759 0.094
31 29 5 4 1.673 0.094
31 36 4 4 1.471 0.094
31 44 4 4 1.557 0.101
32 9 4 4 1.529 0.279
32 22 6 4 1.009 0.234
32 28 5 6 1.125 0.291
32 41 5 4 1.413 0.183
32 45 5 6 0.865 0.116
33 27 5 4 1.269 0.091
33 48 5 4 1.355 0.091
34 6 4 6 1.615 0.091
34 14 5 6 0.721 0.067
34 40 4 6 1.154 0.063
34 53 4 4 1.211 0.078
35 2 5 4 1.269 0.158
35 16 4 4 1.009 0.140
35 43 5 8 1.038 0.145
35 50 5 4 1. 327 0.167
36 16 5 8 1.240 0.112
36 21 5 6 0.865 0.132
36 33 4 6 1.067 0.329
36 48 5 8 0.923 0.138
36 61 5 6 1.096 0.160
37 25 6 6 1.125 0.101
37 31 5 4 1.009 0.133
37 44 5 6 0.808 0.062
38 19 4 4 1. 817 0.108
38 47 5 4 0.981 0.079
38 54 4 4 1.067 0.097
38 67 5 6 0.981 0.082
39 9 6 6 1.269 0.092
39 40 5 6 1.038 0.088
(Continued)
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Appendix Table 71. Continued.
Plot Tree Value Chroma Nitrogen Phosphorus
-------percent--------
39 46 5 4 1.182 0.082
39 59 5 8 1.038 0.081
40 16 6 6 0.836 0.096
40 27 5 6 1.154 0.082
40 46 5 8 1.038 0.075
41 4 5 6 1.154 0.087
41 14 4 6 1.355 0.098
41 29 5 4 1.442 0.087
41 42 4 6 1.471 0.097
41 47 5 4 1.384 0.092
41 61 5 4 1.269 0.085
42 3 5 8 0.836 0.084
42 17 5 6 0.923 0.091
42 49 5 6 1.154 0.078
42 62 5 6 1.009 0.136
43 27 4 4 1. 471 0.215
43 41 4 4 1.355 0.166
43 61 4 4 1.384 0.145
43 66 5 4 1.298 0.123
44 13 5 6 1.182 0.090
44 22 5 6 1.240 0.082
44 28 5 4 1.384 0.094
44 39 5 6 1.182 0.073
45 1 5 8 0.981 0.204
45 8 6 6 0.981 0.117
45 14 4 4 1.096 0.138
45 51 5 4 1.182 0.126
45 59 4 6 1.154 0.144
45 65 5 4 1.125 0.139
46 1 5 6 1.240 0.085
46 22 5 6 1.038 0.083
46 36 5 4 1.125 0.086
46 45 5 4 1.182 0.066
46 62 5 6 1.355 0.090
47 15 5 4 2.480 0.100
47 28 5 4 1.211 0.105
47 44 5 6 1.269 0.095
47 67 5 6 1.298 0.103
48 19 5 8 1.269 0.088
48 32 5 6 1.298 0.103
(Continue)
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Appendix Table 7l. Continued.
Plot Tree Value Chroma Nitrogen Phosphorus
-------percent--------
49 3 5 4 1.2ll 0.101
49 12 5 6 1.269 0.083
49 21 5 4 1.529 0.091
49 26 4 6 1.182 0.086
49 49 5 6 0.952 0.085
50 6 5 6 1.384 0.097
50 21 5 6 0.692 0.083
50 35 4 4 0.865 0.074
50 42 5 4 1.442 0.089
50 69 5 6 1.038 0.084
51 3 5 4 1.442 0.089
51 10 4 4 1.529 0.094
51 14 4 6 1.327 0.086
51 29 4 4 1.442 0.103
51 37 4 6 0.288 0.096
51 57 4 6 1. 759 0.123
52 26 5 6 1.298 0.079
S2 30 5 4 1.442 0.101
52 35 4 6 1.557 O.lll
52 46 5 8 1.384 0.101
53 3 4 4 1. 759 0.104
53 31 5 4 1.038 0.077
53 36 4 4 1.269 0.092
53 43 5 4 1.529 0.093
54 22 4 6 1.586 0.097
54 47 5 4 1.644 0.108
54 S5 4 4 1.413 0.102
55 28 5 8 0.894 0.078
55 34 5 6 0.923 0.070
55 42 4 4 1.154 0.089
S5 47 6 6 0.865 0.070
56 11 4 6 1.096 0.098
S6 28 5 6 1.067 0.076
56 33 5 4 1.096 0.085
56 42 5 4 1.211 0.084
56 Sl 5 4 1.240 0.101
57 9 6 6 0.894 0.127
57 39 6 6 1.096 0.097
57 45 5 6 1.009 0.ll5
57 60 6 6 1.009 0.090
(Continued)
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Appendix Table 71. Continued.
Plot Tree Value Chroma Nitrogen Phosphorus
--------percent--------
58 4 5 4 0.981 0.088
58 9 5 4 0.981 0.098
58 16 5 8 0.981 0.075
58 44 6 6 0.692 0.083
58 50 5 4 1.154 0.092
59 13 5 4 1. 269 0.087
59 17 5 6 1.067 0.077
59 28 5 8 1.154 0.084
59 40 5 6 1.298 0.086
60 4 4 6 1.384 0.137
60 8 4 4 1.471 0.125
60 15 5 4 1.096 0.089
60 22 5 4 1.355 0.155
60 26 5 6 1.298 0.120
61 11 5 6 1.327 0.152
61 15 4 4 1.327 0.152
61 22 5 8 1.211 0.129
61 29 5 6 1.327 0.152
61 39 5 6 1.298 0.102
62 5 4 4 1.298 0.113
62 15 5 4 1.211 0.091
62 20 5 6 0.952 0.093
62 24 4 6 1.327 0.096
62 28 5 4 1.038 0.081
62 39 5 4 1.355 0.087
63 13 5 8 0.799 0.060
64 2 5 4 1.038 0.140
64 39 5 6 0.981 0.068
64 53 6 6 0.952 0.097
65 4 6 6 0.952 0.098
65 24 5 8 0.923 0.061
65 33 5 6 1.009 0.103
66 19 5 6 0.923 0.104
66 25 5 4 0.894 0.100
66 40 5 6 0.923 0.120
67 35 6 8 0.808 0.069
67 39 5 4 1.211 0.133
67 43 5 6 1.125 0.119
68 18 6 6 0.865 0.098
69 8 6 6 0.865 0.098
(Continued)
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Appendix Table 7l. Continued.
Plot Tree Value Chroma Nitrogen Phosphorus
-------percent---------
69 34 5 4 0.952 0.337
70 4 5 6 0.836 0.116
70 38 5 6 1.038 0.118
71 3 4 4 1.442 0.309
71 16 5 4 1.355 0.305
71 24 5 6 1.038 0.248
71 28 5 4 1.240 0.338
71 37 5 6 1.038 0.248
72 14 5 6 1.038 0.079
72 22 5 4 1.182 0.087
72 38 5 4 1.586 0.103
73 19 5 4 0.894 0.077
73 31 5 4 0.923 0.080
73 40 5 6 1.009 0.079
74 26 5 4 1.154 0.102
74 36 5 4 1.009 0.085
74 40 5 6 1.009 0.082
75 17 5 6 1.009 0.109
75 20 5 4 1.009 0.078
75 27 5 6 0.750 0.088
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ABSTRACT
Five levels of nitrogen fertilizer combined with three levels of
phosphorus fertilizer were tested in a two year-old loblolly pine
plantation on a lignite mine spoil in East Texas. Growth parameters,
foliar and spoil nitrogen and phosphorus concentrations were measured
after two growing seasons.
Nitrogen increased diameter growth during the first year, and
foliar nitrogen increased with increasing fertilizer rates for both
years. Phosphorus increased height during the first year and over
both years combined and also increased diameter during the second year
and over both years combined. and over both years. Foliar phosphorus
was increased by nitrogen in the first year. Spoil phosphorus was
increased by phosphorus fertilization in both years. Spoil nitrogen
was not increased by the fertilizer in either year. Attempts to
correlate Munsell colors to foliar contents failed.
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